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Ab!ctracr.—

Tnr effectivencs6 of improved materialn

accoL,ntinR war, evaluntsd using computer model-

ing, simulation, and analynia techniques for two
morfr.1 rcproceasing plants. One plant, sized tn

210 FtT,R/yr, represents tiie nmall plants cur-

rent lv unrlpr int~rnut ional safeguards and thr
nthrr, nizrd to 1500 NTttM/yr, reprcsenr6 the
Iargr, plants expected in !ht= futurr. The Rtudv

indicates that ccrnvcnt iona! accounti 1~ may meet
IAEA gnnl qllantitic~ and dc-rertinn times for
low-vnrichrd uranium in thr~ti fncil itics. Dy-

namic mntor]nln accnuntinR can mrrt the IAEA

Rrml fnr dctvctinp nhrupt (l-3 wk) divrrninn of
B kp of plulrmi~lm. Current mcit~rial~ accntlnting

tpchn~qurk prohnhlv cnnnol mot,t the protractr~
diversion gonl of det~cting 6 kg for nlu!ntrium

in I vr. Fnrilitv drsipn fraturrfi thnt cnn

improvo till, effvetivrncss of mntrrinl~ arcnllnl -
i np

ris

in
wil

irl Iutur., plants nr~ rliscur,sorl

1. ln!rndllr! inn——. .—..—. —

]! is g,nt,ra] 11, .qrrrptvri that uuclenr mntr -

h nrc,,unt inK “procvffurrfi currrnlly applivd
lpurnl ill~ nuc I rnr rrprncrnwinE fflcilifi,,~
not mrot rncro piringrnl intvrnat innnl nnfv -

RunrdF rrq~iirrmonts for thv hiuh t hrrWRhlnll

iari Iitir= “rxportr{l to hr hilil~ dt~rinR tt]t.””]~st
drrad(, of thin rrntllr:, lmprrwrd mutrrinlk

nccnunlin E trchniqurn wfirr ● valuhtvd fol (1) n

prrsenl-day hmnll (21fl NTNM/vr) r~prnrrnnin~
plnnt m,! (2) n future IarEr (1500 MTltM/vrJ
rrprorrqsinr pl.tn! . Ccmaidrrntitmn of prorrn~
f’nwm and plnn! drni~nn han IFd to dtw-lopmrnt
of rlrnip!l rritrrin thnf can improve IIw rffec -
tivnnr~~ nf malerinlm rccouftt inu in fvt urr
rrprmrrnniug plantn.

TtIo rfolnilrd tormn and ccmditinnn fnr nafe-
~llnrding apec ifir facilities within n-tirm~
aignntorv to thr Trrnty nn thr Nmn-l%olifprat inn
Of Nurlrnr h’enpnnn (NPT)l ● rp n~gntiatrd with
the Inir.-nn{irnml Atnmir Kn~rRy ARenrv (IAKA)
in ● ccnrd with thr g~nrrnl cnnditinnn of Art{cln

Ill of the NPT nn net forth in thr IAEA IIOCUMPIII

IwF(IMc/ 151,7
Thr nt,j~{,t ivp 01 Int-rtimtinnnl fiafeRtlar,la,

~n derlarerl hv !henr dnrummntn, in the “, . .limr-

Iy d~!cctiou rif divrrnirm nf ~ignifirant qunnti-
tirn nf nurlpar mat?rial from Itraumful ntlcl~ar
arllvlli~s, ,m , II TIIr ?mphanin in on “.. .the
um~ of malrti.mls ●ccnuntanry am ● aaf-Ruardm
rnoaaure of fumlam~nial {mportnnrp, with contain-
mct)l and cwrvrillanrr ● B (up[trlant conp!~mmtary

monnurmn , . , , II

INFcIRc/153, parn. 11 alao rmqulron that
the lAFA “shall matcn full uae of thr tltatc’m

6yRtem of accounting for and control of &ll nu-
clear materinl tiuhjcct to aafegu~rds under tlic
Agreement, and shall avoid unnecean~-:y duplirn-

tion of the Statr’n accounting ard cont~ol
activities.”

The application of international aafeRuards
is negotiated between thv IAEA (Ag*ney) and the

State (operatnr) on a caqe-by-case basis. “Goal
quantities” for tho detection of divrrH~.on have
been propnsed hv the 1A2A,3 but ark noc pre~-

ently a safeguards requirement . Theme “gclGls”

are related tn thr quantirien of nuclear mate-
riais rrq[lirerl to produce {In explnaivr device

ard tho time neccnRnry to convert then!. mnt,--

rials to thnt purponr. Thr RcIrIln includr thr

drtrrtion of rho diversion of:

● 75 kR ~)f 235u cnntained in Iow-rmrich,,d

Ilranium nv~r a prriod of cm, year.

● R k~~, of plur.rmillm afl nitratr or oxide in
I-3 wvrks (“nhr(lpl divrrsinn”).

● Fikp of plutnnitlm an nitrntc or Ox i (1(,

nvv r nn enlirr qrnr f“prntrnctrd divrr-

nl[m”) ,

Thr AEencv vc~ificntion nf thr S’inlc’n

nrcollnt infl nyptcm consi~tn of thrrp ntrp,.:

Exnmirml inn of thr infrrrmnlion ~rov i dvd

i n the DrniRn lnformntinn Qur-tinnnirt,
nnd in nlbhnt-qltrnt rout inr and aprci~l

acrotlnting rpprrt~;
Collect ini} of indrprndrnl infnrmntir.n hv

thr lAEA in innptwtinnn;
I?vnlunl ion of tho Infnrmmt inn ptnvidrd hv
thr Stat@ and rnll~rrpd in inuprrtinnm for

Lhr ptlrpmsr nf drt~rmirr;nR thr compl@tc-

nvnn. rnrcuracv, and validitv of the infor-
mation prnvirtmrt hv thn Stmlr,

lnwportim ac!ivitv RR drfined in INFCIRC/
153 p~rmiln approxjma!m]v 3700 man hours (18

man *onrH) and ll~fNl man hnltr~ (7 man vrar~~ of
ann.111 innpert inn, rrnpmrt ively, for plalllm
h@VinR annllal thr!,u~hpuln of l~ntl ~nd ?10 ktTllF1.
Thllh , cnnlinnoup in~-.ctlntl in curb plant~ in
f[,r,.n~enl

2, Tlw Ref@r@nre Farilltl@@. . ... ... . .. ———. —

UBinR d~tallcd pror?a@ ●nd ● caaurcmrnt nvR-
t~m mndrling ●nd simulation tocllniqtl~a,h var-
iolil ●rrnllttting atratrRi@a -r~ ●valuat~d [01

det~rtinn dlvrr-lon in ● small (ZIO ~tm/vr)
●nd n ] mtR_ (IWO HTNM/yr) rPpror@an\nR

plalll ,flfi TIw PNC pilot facility ●l Tnka,
mura, Japan, wan studipd ● n typlral nf pla~ls



currently under MEA safeguard. The Allied-
General Nuclear SPz-vices (ACNS) plant #t Barn-

well , South Carolina, wan eclected an reprenent-

otive of large facilities ●xpected to be under
lAEA safeguards in the 1990fi. Both plants uoe
conventional Pwrex technology to reprocess LWR

reactor fuels having nominal plutonium concon-
trationa of approximately l%.

Fnr this study, both reprocenning pln,,t~

can be ditidcd into four materialn balance arean

(NSA.R).7 The fuel receiving and ntorage area
(ttSA l), the uranyl nitrate product storage area
(MBA 3), and th~ p]utonim nitrate product ntor-
age aren (WA 4) are shipper-receiver and item
contrnl arcnq. The chemical neparationa proct=n~

area (t4BA 2) in a process NBA in which periodic
shutdown find rleanrmt physical inventnrien are
a+pnrntrd by near-real-time accounting trck-
niqut-fi to improve the detection ncnaitivity and
timrlinrns fnr unort-term diversion. The

account inp mrasurrrnrnt ntrategie~ have berm

deRcrihod prrvious!y.5-9

Thr chrmicnl neparatinn~ prnccss arm (FfPIA
2) ran br trr~trd as n ninql~ unit prncenn

accounting arra (11PM) for n~ar-real-tlmr mntr-
Iialk hnlanrrs, or it cm h dividrrl intn mtll-
tiplr UPMS, drp, ndinK nn facility rlvfiiR,l and

process nperntinR cnld:tirm~.

Lnrgo Rl:l,r,,cPs.qing Plnn~.

Thr FfflA 2 fnr tho ACNS fnrilitv WRS cnnniti-
~rvd on n ninRl!, 11PM (ilPAA 1 2) and nlso wnn

ouhdivirlr,t Into two UPMR. thr crrrtrrnnrnminn-
?inn-pnrlil inn procrss (llPM 1) and thr pl,ltO-

nillm pllrificnt inn prnrrss (UI’M ?).

ut’M I 7-, Chornirnl Sr~nrnticmfi Frnrrms. Ttw. .- .- -. -— —.
t-hvm[rni - ni~;i;i;i>;;--p-i~;rrnfi FIBA In trratvd nn

n n!n}:lr UPAA ([1PM 1 2) hv romhininR in-prnrrns
invrntflrv and rl~ mranurcmontn to fnrm n rtv -

rrmoir mntrrinln halnncr mpprt.~imalrlv evrry ?
dnvs , Unri,.r nnrmnl npernting cnrrditinnn, 2-1/7

accounlnhilitv bntrhon and I product bntrh mro
prncvnnvd every dmv. Thrrrforr, prcrunm Ingic
OURKl, nlN thnf a malrrinln halancr cnn hr taken
evrrv tw[l dnym III incllldr a,! intrRrnl numhrt of

frrwl and product tr;.lctwni Smnllrr hatrhrh, fnr
~n,,mplr to hip,h-lrvvl wanten, ● rr included in
t hi. mntorimln hnlanrc~ when the m~anwrpmrntrn
hwnmr mvalln! 10,

Alt@rnalivPlv, a ❑a!?rialn ha]ancr multi hn
t nken atnu:,d UI’AA I 7 after Qnrh f~ed hatrh

(appronimntmlv rvrry 9.fI h) if rm-l{nr flow and
crmronlrnl ior, modmwrem*nt n are added tn ttln
plutnnium prmlurt nlrram.

UPAA l--Codmnzrtamlnati nn-Part itinnir~ Prn-..,. .-.. ——. . . -.
Cwnnvn, ‘-”A--~~-; a.r-~i’o”-lll’M can ~~ ~nrrml arnua——---
thr rnderontnrninnti~m.pnrti tinninE prnr~nn-n if
flmr-ral~ ●nd crrnr--ntrnl ion m-anwr*mmtm ar~

●dded to Ihr int~rm~ffialo I,lulnniwm prrrdtwt
aftol pnrl:t inning anil r~ryrl- nlr-amn, A dy-

nami ,: mnt~rialn halanre can bp tahrn shout
U1’AA I for ~arh rcrtt ●rrnuntahllilv hatch (ov@ry
+,fi II) hy rnmhining measurmmpn!n or thp cnnrmr-

I rat ~on and vnlurnr nf the f~cd hatch, tho cnn-
,.ontratinnn and flrwratm in thr intrrmmdialm,

prndurl , rprvclp, tnd wa~l~ ●troama, ●nd th~
Intervening in-prnrcmm inv-ntnri~m in tlw prn-

rwan vea~elc,

UPAA 2--Plutonium Purificat!oll Pr0ce9s. Dy-
namic materlala ba!a—nces chn be taken ab~~t thf?
plutonium purification process if flow and c,,n-

centration mennurementn are added to the aquenlls
and organic recyrle streams. Ftaterial.q balances
can be taken using one of two product measur~-
❑enta: concentration and volume measurement
in the plutonium product aamplp tank or inte-
grated flow-ratr and concentrating mca.quremrnts

on the concentrator product aLrea_. Crmtnctnr

in-procesl inventory mny be estimated uning prn-
ceas operating data,lo

Small Reprocessing Plant.

The MBA 2 for thr facility wcn treated as a
ai?Rle UPM (UPAA 1 2) but could he ouhdivid{,d

into three UPAAn: the codecontaminatinn prncoss
(UPM 1A), the partition process (UPM lFI), and
thr plutnilium purification procenn (UPM 2).

This further nubdiviaion of the prncens in pox-

nible becaunc huffcr tanks inatal!crt hrtwron thl,
codecnntnminn! ion and partitinn pr,>censos permit
additional trannfer mea~uremonts hrtwrrn tht,st,

procpnnps. It in important to nnle thnr hcrn,,.,,
of thr inw throup,hput rrf tho Tnkni plnn! , nrll,-
quntr a?nnitivity to nhnrt-trnn divrrNion is
attainrd trcatin~ t4BA 2 an a ninglr UPAA; how-
evpr, for largfr facilities inntnl led, n,ii!nl,lv
eized buffrr tankn cou!d imprcwr tht, divcrqion

detection nrnnitivity and localization.

3. Effrrtivrnrnn nf Ftntrrialfi Mrn~\lrrmvnl——— —.
‘A=n-~~.—

Tahlr I lintp llrnnium-21r] mntvrlrnlq hnlnnr,,
ntandnrd drvlatinnn in th- prncrs# MftAK IJf !II,I

rcferrnrr fnrilitirn. Th,, rna:rrinls hnlnn,:,,

atandarfl drvint innn arr banrd t-m a mhlltd~,wll ~ImI
rlranntlt phyniral invrntnrv and wrrr cnlrulnl,,(l

wring Rtatp-of-tllr-arl mrnnurrmrnt trrhniqllv,. .
A range nf val,lon in given fnr two ,,nnos. In
thr firnl cnn~, frrrf and prwtllrl crmcvntnlinu
m~anuremenl n Wrv rocalihratrrl ● vrrv 2 dnvq.
In lhr n~conrt caar, therr arr nn irrmlrllmltn!
recrnl Ihratinzrn within thr nrrnuntinp, pmrio{l.

Thrnn matmrialn acco~lntizrR arnnitivitirm will
ho d@Rraded if high-quality m~anwr~mrntn rnnni,t

hm ohtain~rf, Convera@lv, Lhr arnnitivilir~

could ●pproach t.h~ vnlura nf thm firnl rn~u if

mvarwramrrrt ● rrorn ran bo cmltrollrd morr rllt,(
tiv~ly hy idrzrtifvirrg rfrxninntrl ● rrnr nnurcrrn
●nd ?ntnhlinhinR rffrctivr mranurrrnrnt rnnl rt, l
prnrmfur,~p. Nnt@ thnt thr rfiv~rainn drt~rti,,!l

amaitivitv ia ‘u],~ timrm tl!r •at~rlalm halan,.(.
atnnttard rtrvintirm for a q5X rt-tfctinn prohnbil.
Ity ●nd a fal~r-alnrm probability 01 3X. From
rrur analyain , WV rnnclutle that:

TMI.R I

I 6,1-10,4 O,a. 1,1

I 11, c-io, l 1,3.1,*



● For Z351: ttl~ praposed IAEA criteria for

divi=r~ion Bensi rivity and timeline99

probably are attainable by conventional
m9tcria19 accountability for the ama 11

reproce~sing plant. For the large plant

sensitivity criteria can only be met if

rigorous materialc m+agurement control

programs are instituted.

Table II .qunmn~rizes plutonium materials

balance standard deviation for thr process

MBAs of the referencr facilities. Additional

accounting stratep.ien are dincum~erl in See, V
of Ref, 6, Materialn balance atanrfard devia-
tions for accounting perioda S1 month arc b.q:ed

on in-prncrn~ inventory meanurementa while Lhr
proce:ls is opr-.raling. Pfateriala balances stanrl-

ard dcviarinns for accouncinR prriods ..1 month
aro based nn a shutdown and cleanrrut phyriicfil
invrntnrv . In ench cage, a ran~r of uncertnin-

tirs i~ Riven fnr thi, entire proct,fin arm. Thr
cfisi,s cnnfiirfrrerl rnnRr from bent-c:lsc e9timat~Js
of cnntnctor ill-prnc,.ns invrntnriefi with 2-day

rrcnlihratirm$ of ferrf and prorfuct I1OU and con-

cenlrnt inn mennurempntn to worht-c:nr cntimntrs
nf in-prorrns invrntcrirs and no rrralihrntions

within thr account ing perirrds. Notr thnt thr

divrrsirm drtrrtirm nrn%itivity in ‘I-3.3 timr=s
:hn m,tf,,r]all. hnlanr~ ctrrndnrd drvlat inn for o
95; rf~tpctinn probability and m falnr-alarm
prohnhilitv ,,f 5L,

II) pxnminin~ mnterinlr+ accmntin~ n,nRil iv-
itii, s, wr furthrr cnntlurlo thnt for plll!nllillm:

Tht’tl, t

PtAJ’rONltJ?4 HATER IA1.!. ACCOI’NTINI;

●

●

●

9

In the ~ chemical separations process
area , the propcsed If.EA criteria for de..
tecting abrupt diveraiom can prohatrly be

met if a rigorouo measurement control

program i~ undertaken.
In the ~ chemical aaparations process

aren , the p:opu:=ti ?ASA criteria for de-
tec?ing protracted diverqion cannot be
met; the goal quantity ia only 0.05% n!
the annual plant throughput.
In thp cmnll chemical aeparatioils proce~s

Area, pfierf lAEA criteria for abrupt
diversion probably can be ❑et.

In the amal] chemical sr’Darations ciroce~s
area, t~oponerl IAEA criueria for ~
tracted divrrgion may he achievable.

4. Proce~s Design Considerations t{,
— Im,>rove Ptaterials Accounting

Features of procenn deniRn and crperntion
ran stronrzlv affrct the application ur’ marerinlfi
nccoi:rr!, ing methods to hiRh-throughput reprocess-

ing facilities .5,1] ,17 Tr~ditionallv, littlp

Connideratirm is Riven to safeRtjnrda effrrtivr-
nrss before the eatablinhment of a plant ancf

prrlc(=nn design. SafeRuarrfs aynt~m deni~ncrs

arr prenenterf -ither with an existing facility

nr with a rclativplv complete srrrl firrrd plant
drrriRn, Wit’1 thr incrennc,d rr-oRnition of tll{,

impnrtancr of rrafPRllardn, tflv nitl!ation may ho

11

IN THE REr’ERENCK FACIL1*IESR

targr ~mf~rmtw- racili!y. . . . ., -.. . . . . . . . ..-_ . . . . ..- . ..— — .-. .--— —
-.-Ch@rnlqal.-9QaIa tlnnn Arra Cc?vernlnn Area_ --- .-—..— —— .— ..-.—-- -.. .— --—
mater lnln Ilnlanr* Uaterlaln Brnlanre
-._~rcquon(~~__ r, (hq~ _--~I fmmrry(’ g (ky Pu)’]

1/2 daya 2,1-2,4 1/2.00 h 0.40

--- --- 1/?.00 h 0,41

1/? rhyn 2.5-2.0 1 .OE h o.70-o. n7

1/2 rrayn l. O-l, h l/ J.Otl h 1.1-1.4

112 daqn 4.0-5.7 l/2. on h 2.0-2.4
--- 1/2 w-rnthn 4.0-d. v

1/1 wnthn 7,5-14,0 1/1 m%rthn 5,9-7,2

1/6 umthn 11.0 26, R “.- ---

l/yr 21,0 -32.7 --- -.

Smal; lrcfor~nce ~n.-liltY- ---.---—- . -
~@mi(.al Sgalatlcnls Area-—---- .—— —_
Otmt@rlaln Oalancr

~fequ~nc~ -.— g (kg thl)

I/day 0.25-0,18

!,Afky 0,2!,-O. lU

l/rtay 0.10-0.41

l;dn) 0.36-0.52

l/day 0.40-0,77

.-. -..
l,: ~“tfrn 0,94- 1.9

1/6 rnntha 1.7-1.7

l/yr 1.2-1.3

~tia[.~larn-%alanrp a[anfl;”iflmmvlatinna fnt ●ccountlrrq ~: Irrda ~1 mnth ●ro bead on In-procoao Invantory
moaaulcmentn whllo the prorxea la opcratlnv, ktmrlals balanco standard doulat inna *rrr ●ccounting ~rlmda
‘1 mwilh ●ro baa-d on ● ■hutrlrmm ●nd cloannut phyalcal Inventory. Ranqcn ●rc ivcrr for the caaaa that ●rc
cnnmldwrcfl In Eor, U, Rcfm 6. ?Urrlonn othorwloo rrntod, th? arcountlnq atratog ●a ●houtr horc uac chemical
analyalm t~chnlqums for tho faatf ●nd product batchcn,

~~fl:~ Mt@rlala balanc@n tahon .v@ry 2 daya tncludc fiva input accountability ~tchee and twc prmduct

CBYnamI,. MI., IaIa Mlanr,m taken ●V.IY 2.00 h inr]tiflo ona Input ●ccountahlllty ~t,ah ●nd thron product
halrhmm,

flAN rw-)lno mpasursnont tcchnlquc fol tho prrmfurt batch-n In umoIl In tho acrmurrtlng otrat, aq
?hlm m@amuromonl In Isplarod by the roault of chamle~! ●nalynln of a ●aeplo +1 h atter th~ bat 1 R;x::i

‘Ilynamlr Mtorlnla halanraa tahmrr ●var l~,!iatoly ●;tor tho product cva~rator la dlainorl) in-
clude tur} f-ml arrountahll, ty balchms ●nx$: ,Ld”(.t bate,,,



changing, and , in future plant denigns, safr-
guarda criteria ahotlld be reRardt?d aa equivalent
in importance= with healrh, naf~ty, and economic
conaiderat ione

Guiding Prince.

Certain Ruiding princip)rs govern (ffective
materia!a control and accounting in an:l nuclear

materiala pr6:e89. Each tneaaurement ia impnr-

tant for its impact on thr loafi-detection aen-

aitivity. Thus, the necessity for carh ❑ ennilre-
ment point and the desired quality o!’ each mea-
surement should be judged by ay,l~ematic.tlly

almlyzirrg the anticipated ●ffects on marrrialn-
accounting aenailivity.

In high-throughput proceanps, :he relativr
afcuracy between feed and product meaaurem~nts
l]mit# (he long-term detection aennitiv;ty,13,16
and long-term relative bianen between fped nnd

product mea~uremcnta nhoulcl hr contrnllorf. The-

oretically, the limiting fac~or is thr unrrr-
tainty in the relative bian Lrtween thr physical
ntanclarcfs unrrl fnr thrfir measurvmrntn, which
m~,y br ffl, l%. Tn appr,)nrh thin limi~, Rnurcrs
of lr)ng-tewn mennuremon L bia~ nrhrr thnn stnnrf -

ardti munt be controlled by carrfu] desiRn of
thr sampling, measurement, 6nd calibration harrl-

warr and prncedure~ (Rrf, 15, Par[ F; Rcfn, 16-
19), Feed and product accountability verinrls
must be drni Rncd for accurate calibratirrn and
nhnulrf hr. arcrnnihlr for calihrnt ion chrckh ,qnd

Deriodic rrcalihrntinn~,
In dyndmir tnacrrin]fi acruunfing, thv ~-

ainn of thr in-prncr~s invrntnry mrn9tlrcmrnt6
i= thr va. inhilitv of any ~,lmcn~urrd hnldup
ar~ thr \imitinR Un.-crlninlirs in short-rvnn
drtrctinn, Th{ majrrrity of thr : ,Vrlltrll-v

ahnuld be in tankn .qnd vPnRrln ?hat arr inntr~l-

mrntr~ fnr on-lino Mrnntlrrmrntn. Prvcininnn nf

I to 5Z grnrrrlllv arr mrfrqllat,, . Hrrwovrr, evrn
with vrry prrcinu mrnnutrmrnlrr, lmrRr trtlf! ,r -

mtnragv ?anks mny intrndllcr 1arg~ nhn(!liltr
errorri thnt will nerio!lnlv drgrarfr thr nhort -

t?rm dctcrtinn nrnnitivity. Cm thr othrr hand,

rclativrly minnr holrfuFn and nirtpntrram~ will
havr Iittlr ~ffrt.t t-m drtortirrn n~nnitivity,
and eatimntrn hnnrd on hintnricnl data cnn hr
unod unt il then~ cmmprtrwntn nrr mennurrd, for
•nampl~, during a phynirnl {nv~ntury,

If ●ll mnjnr in-prnrpnm-invpntnry and pro-

c?nn-atrpam compnnrntn arr rwanurrd, dynnmi r

mntprialn hnlanrrn can he drawn arnund trannfrtn
IrrtwP@n thnkn anrf acrctia vpmnrln. Such h~lancpn

may nnt rpqllirr thr pr~cinirrn and nccllrary of

conventional ●ccountnhility, but they will he
hn!h aennltlvr anrf tim?ly In ●bnnlute t?rma,

Thun , prtlr~nn-d@RiRn critprim for matrrinln
●ccounting shnultf npecify mennur~m~nto for ●ll

th~ wjnr inv~nlnry and flnu crmpnnrtrtm, and
thma~ critcrla ahml,’ hrn into~rate{! ~arly ill

th~ plant dpaig.1,

where modifications in the plant sr process
desiRn could improve the ❑aterifllr accOl]ntiaR
ayatem

flllA on SWC Fuel. Nondestructive assay——
method~ should be~a~dered for verifying fuel
burnup and/or fisnile content of irradi:&-~2f,,l.l
ir, the fue; receiving and storage ● rea. -

Inpllt Accountability. The accountnhilitv
tank and measurement procedures ahoulcl hr dr-

aigned to provide thr. mea: accurate analysrs
and verification of nuclear material input L(I

the ?rcnllntahility tank. If accountability tafik
heeln and recycle marerial degrade the quality
of iancope correlation ●nalvne: , provisinn

should be made for obtaininR samples dir,.ctly
from the dianolver. Recycle tfNC)3 crmtnininp

plutonium ahoulrf nor bf. usPd in rho dissn!vi,r
nr accountability tank,

To minimize the effect of conrninr~! pnr!ir-

ulat~~, the centrifuge should br Ir.ratrtlah,,a,’
nf thr accotlntahility tank,

Scrlvent Extraction Contnctors. Uncfi,rt:,:n-

tien~n~n~tnrv hnvl, ~l,rn icfrntifiod
ns n Iimitinp, factor in nhort-tr.rm drtcct inn nf
divrrnion from thr prorenn area of rrprmcr~fiinE

plnnt~. Improved mndrlR of rrrntnctor rqwrntit,v)

would upRrnrfr in-prcwens lnvrntorv entlmnr~s. ?!

WFrro prnct ical , pulnmd column~ nnd mixcr-

#ettlern nhnuld br replacrtl vi th centrif[ly,:l!

ccrn~.qrtnrn to minimizr in-prrrcen~ illvrn[t}rv nn,l

LO decrea~e th!, timr requirrrf for ntrtaininr :1
Jrain-dnwn invcntnrv ,

Codrcontaminntinn C clr,

can liT”-- ‘+~,in~”d;;~n~l~;~~~’ ‘U’f’Imp= .
ntdgrp in thr M contnrtor or hv prlw;dink n!)
adrfitirmnl d~ccntnmirrn!inn rvrlI,, Thr rrrf,l[,.(!

rarfinnrtivitv Wnlllrf fdrilitntr pl!llnnillm [tlnr~.n-

trntinn mrnauremt=ntn nt the input to II)V pllll,,-
nium purificntinn cyrlrs.

Prcrc~nq Tanks. All prc)[-!n t~nks r~~t,!ninin~-—
nl~nlflcant quantlt ien of nuclrnr mnfnr~nl

niltvlld he inntrumrntrrl fnr I iqllid Irvrl, dt.nq-

ity, acid, ●nd tpmprraturr mrantlrpmrnl~, Thrill.

procenn dnta facilitate eniimn[in~ th,, in-prt,-
r~mn inl,rntnry,

thprehv nnni~ln in cf~fininR UPMn, I)rc[!lll! I i I)X

could ●llnw prnrpsm interrupt inn in the pltltt,-
nium purification arrm willlrrllt dinruptinR hrn{l-
end opmral iortrn.

@durt ~nccntratinll,
farll{tlen ell;l~

Collnrnlicn nf
r~prnre~ an~ ronv-rninn ‘

,,

natrn thp n~~d for thr pliltonium product e(~nt,rn..

tratnr ●t the output of th~ reprnc~nninR plan! ,
Thm plutctnium output cnnc~ntratinn nf the [inal

plutnnium purification cycle COUld 110 tatlnrr(l
tu th~ rcquirm~ntn of th~ rnnv~r~inu prorrnn.

Procooa Strfam H*~nurem@nta, Flow mol~rn.—----
capaKl~ of m~naurlng ~lnw rattca to IX nr b~llri

In mkjrw prnrsmm atrpamn ●nd }-101 {n wanfr
atr~ama ahrwlcf h~ Ina(rllmf. In-llm fir ml-liIm



detectors should be incorporated to ❑ eaaure plu-
‘:onium concentrations to 1% or better in process
streams and 5-20% in waste streams.

Instrument Acceasibilitv. All instruments
et key meatrurement points should be areessihlc

for maintenance and recalibration. All sensors
nhould be tamper resistant or tamper-indicating
for uae by international inspectors.

Redundant Instrumentation. Redundant flow,
Volmy and concentration instrumentation should
be considered at l@tPa.

Computer Data Handling. All data acquisi-

tion and analysls ahnuld be performed by compu-
ter , and all in-line and laboratory instrumentfi
shollld be linked to the data-base computer.
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